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Introduction 

The  survival,  growth  and  metastasis  of  solid  tumors  including  breast  cancer  depends  on 
the  formation  of  new  blood  vessels  to  provide  tumors  with  nutrients  and  oxygen,  a 
process  called  angiogenesis.  In  vitro  and  in  vivo  experimental  models  indicate  that 
suppressing  angiogenesis  can  also  suppress  solid  tumors.  However,  the  success  of  this 
approach  largely  depends  on  whether  sufficient  amounts  of  therapeutic  agents  can  be 
delivered  to  tumor-associated  endothelial  cells  without  causing  toxic  effect  to  other 
tissues/cells.  Our  proposal  is  designed  to  develop  an  endothelial  cell-targeted  adenoviral 
vector  and  to  use  the  targeted  vector  to  express  high  levels  of  anticancer  therapeutic 
genes  in  the  sites  of  angiogenic  tumors  specifically  and  efficiently. 
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Body 


After  I  submitted  this  grant  proposal,  several  more  peptide  sequences  have  been 
reported  being  tumor-associated  endothelial  cell-specific.  In  the  first  year  of  the  funding 
period,  we  thus  also  tested  the  specificities  of  these  peptides  for  endothelial  cell  targeting 
in  addition  to  our  previously  proposed  NGR  and  GSL  peptides.  We  first  synthesized 
oligonucleotides  encoding  for  CGSLVRC  (GSL  in  short)  (1),  CNGRCVSGC AGRC 
(NGR  in  short)  (2),  TCDLDNDKYI ALEE WAGCF G  (SPARC  in  short)  (3), 
EQRLGNQWARGHLM  (GRP  in  short)  (4),  and  RGD  peptides  (2).  These 
oligonucleotides  were  cloned  into  pDV137  plasmid.  The  pDV136  plasmid  has  two  major 
features.  1)  This  plasmid  contains  a  cloning  site  (Bsp  El)  in  HI  loop  of  fiber  gene  to 
allow  insertion;  and  2)  Two  point  mutations  was  introduced  in  the  fiber  gene  so  that  the 
expressed  is  no  longer  able  to  interact  with  cells  through  the  cell  surface  adenovirus 
receptor  (CAR)  (5).  The  resulted  plasmids  were  individually  transfected  into  293  cells 
and  the  stable  transfectants  were  collected.  We  analyzed  the  expression  of  the  modified 
fiber  and  the  trimerization  of  fiber  (Fig.l)  and  found  that  the  insertion  of  peptide 
sequence  in  the  HI  loop  of  the  fiber  gene  did  not  affect  fiber  expression  and  trimerization 
in  293  cells.  These  results  suggest  that  it  is  possible  to  use  a  helper-cell  system  to  trans¬ 
supply  fiber  to  adenovirus  constructs. 

In  the  next  experiment,  we  constructed  a  fiber-deleted,  P-galactosidase  gene 
containing  adenoviral  vector.  This  was  done  first  by  deleting  the  region  encoding  fiber 
gene  from  pAd.Easy-1  (Q-Biogene),  and  then  by  cloning  P-galactosidase  gene  into 
pShuttle/CMV  (Q-Biogene).  The  generated  plasmids  were  electroporated  in 
recombination-competent  BJ5183  E.coli  strain  and  the  resulted  colonies  were  analyzed 
for  correct  adenovirus  recombination.  The  plasmid  with  correct  recombination  was 
transfected  into  203  cells  with  various  fiber  constructs.  The  resulted  adenoviral  constructs 
are  1)  fiberless  Ad,  2)  Ad  with  wild-type  fiber  (Ad-wt),  3)  Ad  with  fiber  containing  GSL 


Fig.l.  The  insertion  of  peptide  sequence  in  the  HI 
Loop  of  Ad  fiber  does  not  affect  fiber  trimerization. 

NGR-inserted  fiber  expression  vector  was  transfected 
into  293  cells.  The  transfected  cells  were  lysed  and  the 
cell  lysates  were  either  boiled  or  not  boiled  prior  to 
electrophoresis.  The  fiber  expression  was  detected  with 
anti-fiber  polyclonal  antibody.  The  trimerized  fiber  can 
be  clearly  observed  in  non-boiled  sample. 

peptide  (GSL- Ad),  4)  Ad  with  fiber  containing  NGR  peptide  (NGR- Ad),  5)  Ad  with  fiber 
containing  SPARC  peptide  (SPARC-Ad),  6)  Ad  with  fiber  containing  RGD  (RGD-Ad), 


Fig.2.  NGR-  and  SPARC-Ad  selectivity  deliver  gene  in  human  endothelial  cells. 
HeLa  (closed  bars )  and  HMVCAD  cells  (open  bars)  were  infected  with  various  p-gal 
containing  Ad  vector  (lOpfu/cell,  lOOviral  particle/cell  for  Fiberless  Ad)  for  24  hrs. 
The  infectivity  of  these  viruses  was  determined  by  detecting  p-galactosidase  activity. 
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and  7)  Ad  with  fiber  containing  GRL  peptides  (GRL-Ad).  To  determine  the  infectivity 
and  specificity  of  these  viruses,  HeLa  and  HMVCAD  were  infected  with  these  viruses  at 
1  Opfu/cell  (fiberless  Ad  was  used  at  100  viral  particles/cell)  for  48  hrs  and  the  infection 
was  determined  by  detecting  counting  cells  with  p-galoctosidase  activity.  As  shown  in 
Fig.2,  fiberless  Ad  showed  no  infectivity  to  both  lines  suggesting  fiber  is  required  for 
virus  infection.  RGD-Ad  and  GRL-Ad  displayed  similar  infectivity  to  Ad-wt  in  both 
lines.  GSL-Ad  showed  better  infectivity  than  Ad-wt  in  both  lines.  Interestingly,  NRG-Ad 
and  SPARC-Ad  exhibited  great  infectivity  to  HMVCAD  but  showed  little  infectivity  to 
HeLa  cells.  To  further  confirm  the  specificity  of  NRG-Ad  and  SPARC-Ad  to  endothelial 
cells,  we  also  infected  JURKAT  T  cells,  THP1  monocytic  cells,  A549  lung  carcinoma 
cells,  PC3  prostate  cancer  cells  and  human  foreskin  fibrobast  cells  with  these  two  viruses 
and  found  that  all  these  lines  were  either  not  or  only  slightly  infectable  by  NRG-Ad  or 
SPARC-Ad  (data  not  shown).  These  results  suggest  that  we  have  obtained  endothelial 
cell-specific  Ad  delivery  vector. 

Key  Research  Accomplishment: 

•  We  have  successfully  developed  a  truly  endothelial  cell-targeted  adenoviral 
vector. 

Reportable  Outcomes 

The  preliminary  data  generated  from  the  last  funding  year  have  been  used  in  a 
newly  submitted  grant  entitled  “Combating  radiation  resistance  in  prostate  cancer”  to  the 
Department  of  Army  Prostate  Cancer  Research  Program. 

Conclusions 

The  studies  performed  in  the  1st  year  funding  period  demonstrate  that  the 
endothelial  cell-targeted  adenoviral  vectors  can  be  generated  rather  simply  and  fast.  This 
finding  is  important  since  the  major  obstacle  for  adenovirus-based  gene  therapy  is  lack  of 
specificity  and  transduction  to  the  targeted  tissues/cells. 
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